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This document summarizes objective way to evaluatie significance dferrain influerce on localwind patterns.This
method can be usefuhen determining the representativenes§meteorological datdor use in dispersion modeling
analyses



Backgroud

Observations of different wind roses around lowa indicate that wind patterns in safteysare significantly different
from nearby locatios outside the valleyin other locations no significant difference is noted between the valley winds
and nearby windsThis analysis seeks to determine when terrain is affecting the wind patternsylagni the effect is
important in dispersion modelinddeteorological data is a critical input for dispersion modeling, and can have a
dramatic effect on the predicted resultdpplying representative data is importait ensure thatmodel resultsare not
significantly over or under prediet. Figurel depicts the model sensitivity of one example whealley daa is applied

to non-valley locationsnd vice versa.
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Figurel. Importance of Representative Data

For each of the two lcations, he model prediction using one dataset was divided by the prediction when using the
other, thereby simulating the amount of error caused by using unrepresentative datahti@ezation A ratio equal to
oneindicates perfect agreement, while vaés above or below onadicate over and undeprediction respectively.

Goal
The goal of this analysigasto find anobjective method to determine the wind patterns are influenatby terrain
features and at what point this effect is important for modsd. This will help determine appropriate meteorological
data for dispersion modeling which will lead to more accurate model reVitbin the goal of the analysisour
restrictiongcriteria were imposed:

1. Utilizepre-processedAERMET data

2. Use only datat the locationin questionto determine if that locations influenced by terrain

3. Easy to implement

4. Numericalanswer (objective decision)

Acomplete list of all sites uskin the entire analysis summarized in the AppendiMost sites have fivgears ¢ data.
Although he data foreach site is not alwayse same fivegear period, all the data isithin the years 200-2013.



Quantifying Wind Patterg Evolution of Index

The effects of some river valleys on wind patterns in lowa have been obsé&igede2 showsthe Missouri River valley
near Omaha, NBEvhere the wind pattern differs significantly between Omaha and CouncisBUhich are separated by
only eightmiles
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Figure2. Missouri River Valley at Omaha

In this @sediurnal valley wind patterns show a shift in wind direction from in line with the valley during the night to in
line with thesynoptic flomduring the dayThis is due to pressure driven channeliBgessure driven channeling is
channeled wind in a vigly by synoptiescale pressure gradients superimposed along the valleyAtdisght synoptic

winds remain aloft and are isolated from the surface flows due to lack of mitiegcethe winds in line with the
valley.During the day, when mixing is strarghe winds aloft are brought dowto the surfaceand the synoptic flow
dominates.Figure3 depictthe differences irwind patternsbetween Omaha, Ngocated in the valleyand Council

Bluffs, I1A(located on the ridge adjacent to valley)
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Figure3.2 Omaha Wind Rose (valley) Council Bluffs Wind Rose (neralley)

During the day, when synoptic flow dominates, both wind roses are very siffiliarcontrasts to the nighttime wind
roses (when valley flow dominates at Omaha).

This phenomenogivessomelowavalleylocations a diurnal wind pattern where winds shift from valley orientated flow
during the night to a synoptic mntated flow during the daySimilarly, other types of terraimduced wind patternsg

such as slopdows and land/sea breeze&sshould be identifiable using a diurnal pattern since their direction depends
on the cyclical, and neaniform, heating and cooling of the air above the terrghmother type of terrairinduced wind
pattern ¢ forced channeling, does not specifically depend on the diurnal heating and cooling of the air, but rather the
orientation of the terrain with relation to the direction of the synoptic floMowever, any terrain featusof a scale that
coud cause forcegthanneling coul@lso exhibit some level of slope flow or pressdré&zenchanneling, and therefore
mayalso show some correlation to the diurnal temperature patteddased on these hypotheses an inadeas derived
based on diurnal temperature to quantify the effect ofri@n on the local wind pattern.

The diurnal temperature is used to represent thylicalvariation of theheating aml cooling hat occurs each day.
Figure4 is an example of a diurnal temperature profile used to depict thesén @ NA I G A 2 y y.( KNR dz3I K 2
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Diurnal Temperature Profile
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Figure4. Diurnal Temperature at Council Blufffhe data setsfrom 20052009

Since wind speed tends to increase during the middle of the day and decrease ovétmightoe use@s a surrogate if
no temperature datad available at a locatioss long as théiurnal patten issomewhatsinusoidal as ifrigure4 above

Calculating the Index

The first step is to calculate thpercent frequencyhe windblows in each direction for each hour of the da@is is
essentiaf the sane data that is used to create tivéind roses inFigure3, except that it is not suldivided by speedA
visual representation of what the percent fregncy looks like for Omaha, MEdepicted irFigure5. The darkershaded
percentagesre the wird directions and time of day with a higher percent frequency relative to the others.



Hour of Day
1 2 3 B 5 6 7 8 9 10 1 12 | 13 4 15 16 17 18 19 20 21 2 2 24
10 3% 3% 3% 3% 3% 3% 3% 3% 4% 4% 3% 3% 3% 2% 3% 2% 3% 3% 3% 3% 3% 3% 3% 3%
20 1% 1% 1% 1% 1% 1% 1% 1% 2% 1% 2% 2% 2% 2% 2% 2% 2% 1% 2% 2% 2% 2% 1% 1%
30 1% 1% 1% 1% 1% 1% 1% 1% 1IN 1% 2% 1% 1% 2% 1% 2% 2% 2% 2% 2% 2% 1% 1% 1%
40 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 2% 1% 1% 1% 1% 1% 1%
S0 0% 0% 1% 0% 1% 1% 1% 1% 1% 1% 1% 0% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
60 1% 1% 1% 1% 1% 1% 0% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
70 1% 1% 1% 1% 1% 1% 1IN 1% 1IN 1IN IX 1IN 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
80 1% 1% 1% O% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 2% 2% 1% 2% 1% 1% 1%
90 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 2% 2% 2% 1% 1% 2%
100 2% 2% 1% 1% 1% 1% 1IN 1N 2% 1% 2% 1% 1% 1X 1% 2% 2% 2% 2% 3% 2% 2% 2% 2%
110 1% 2% 1% 2% 1% 2% 2% 2% 1% 2% 1% 2% 2% 2% 2% 2% 2% 2% 3% 3% 3% 3% 2% 2%

C 120 2% 2% 2% 3% 2% 3% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 3% 4% 4% 4% 3% 2%
O 130 4% 4% 4% 4% 3% 4% 4% 3% 4% 3% 3% 3% 2% 2% 2% 2% 2% 3% 3% 4% 5% 4% 4% 4%
U (M0 7% 8% 7% 6% 7% 7K X% 7% 4% 4% 3% 3% 3% 3% 3% 4% 4% 4% 4% 6% 6% 7% % %
O 1somm1pg:_zsﬂsmu‘smxsxns* 4% S% 4% 5% 4% 4% 5% 7% B% 9% 10% 1NN 12%
q) 160 12% 11% 18% 13% 1% 12% 11% 10% 1% 9% 6% 6% 5% 5% 5% 7% 8% 9% 10% 11% 1% 1%
S 170 6% TH 7% 6% 6% 6% 6% 8% O% 9% 8% 7% 6% 7% 6% 7% B% 8% 6% 6% 6% 7% 8% 8%
A~ (180 2% 2% 2% 2% 3% 2% 3% 3% 4% 6% 7% B% 8% 7% 7% 6% 6% 5% 4% 3% 3% 2% 3% 2%
D 190 1% 1% 1% 1% 1% 1% 1% 2% 2% 3% 4% 5% 5% S% 5% 4% 4% 3% 2% 2% 1% 1% 1% 1%
o} 200 1% 1% 0% 1% 0% 1% 1% 1% 1% 3% 3% 3% 4% 4% 4% 3% 2% 2% 2% 1% 1% 0% 1% 1%
o= 210 1% 1% 1% 0% 1% 1% 1% 1% 1% 1% 2% 2% 2% 2% 3% 3% 2% 2% 1% 1% 1% 1% 1% 0%
emmm (220 0% O% 0% 0% 0% 1% 1% 1% 1% 1% 1% 2% 2% 2% 2% 2% 2% 1% 1% 0% 0% 0% 1% 1%
; 230 1% 0% 0% O% 0% 0% O% 1% 0% 1% 1% 1% 2% 2% 1% 2% 1% 1% 1% 0% 0% 1% 0% 0%
20 0% 0% 1% 1% O% O% O% O% O% 1% 1% 0% 1% 1% 1% 1% 1% 1% 1% 0% 0% O% O% O%
25 0% 0% 0% O% O% O% O% O% O% 0% 0% 1% 1% 1% 1% 1% 0% 0% 1% 1% 0% O% 0% 0%
260 1% 1% 1% O% 1% O% O% 0% 1% 0% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 0% 0%
270 1% 1% 1% 1% 1% 1% 0% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
280 0% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 2% 1% 1% 1% 1% 1% 1% 1% 1% 1%
200 2% 1% 1% 2% 2% 1% 1% 1% 1% 2% 2% 2% 2% 2% 2% 2% 2% 2% 1% 1% 1% 1% 1% 1%
300 2% 1% 2% 2% 2% 2% 2% 2% 1% 2% 2% 3% 2% 3% 2% 3% 3% 2% 1% 2% 1% 1% 2% 2%
310 3% 3% 3% 3% 2% 3% 3% 2% 3% 3% 3% 3% 4% 5% 5% 4% 4% 4% 3% 3% 3% 3% 2% 3%
320 4% 3% 4% 3% 4% 4% 4% 4% 3% 3% 3% 4% 4% 4% 4% S% 5% 4% 4% 3% 4% 3% 3% 3%
330 5% 5% 5% 5% 5% 5% 5% 5% 4% 5% 5% 6% 5% S% 6% 6% 6% 6% 6% 5% 4% 5% 6% 6%
30 7% 8% 7% B% 8% 8% 8% 7% 7% 6% 6% 7% 7% 6% 6% 6% 5% 6% 6% 6% 6% 6% 7% 7%
350 6% 7% 8% 8% 8% 8% 8% 8% 7% 7% 6% 6% 6% 6% 6% 6% 6% 7% 6% 6% 6% 7% 7% %
360 5% 6% 6% 7% 5% 6% 7% 6% 7% 5% 5% 4% 4% 4% 3% 3% 4% 3% 4% 5% 5% 5% 5% 5%

Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

Figure5. Percent Frequency at Omal{&his data represents the actual wind data (raw datg).

The percentage frequency is normalizecadjustall values to a common scale based on the number of wind sectors in
each data setAll data in this analysis have been normalized.

The data was normalized as showrEiguationl.

Equationl

Q
S
=

Where N = Normaked Data
P = Percent Frequency by Hour and Wind Direction
S = the Number of Wind Sectors in Data Set

Each box ifrigure5 is normalized anthen used to measurelte relationship between the diurnal wind pattern and
time of day Thiswasdetermined foreach wind direction by calculatirige correlationbetween thehourly percent
frequencies ireach row (wind direction) ifigure5 andthe diurnaltemperaturepattern. The wind directions with an
increased frequency during the dayliwesult in a valueloser to onebecause both percent frequency and tbaytime
temperatureare increasingi.e., 190). Wind directions that increase in frequeyduring the night will resuit a value
closer tonegative onebecause as thpercent frequencyncreases thenighttime temperatureis decreasingi.e., 160). A
lack d a diurnal pattern will resulin a number closer to zer@.e., 100).

Nex, the standard deviatiowascalculated for each row iRigure5 (i.e. the percent frequency for every wind direction
overthe day) to measure the significance dfurnal percent frequency fluctuatiomnsignificant fluctuations in the
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diurnal pattern will be smaller in magnitude while larger more defined variation wikige in magnitudelt was
hypothesized that largeifdfctuations are mostlikely caused by an external forfterrain), whereas smaller fluctuations
could be due to instrumentation or random variations in the wind patteEheamples of the calculations for four
selected wind directions follow and are sumnzad inFigure6. The selected wind directiorage examples afhe mog
meaningfulvariations of the correlation and standard deviation

Sample of Change in Wind Frequency at Omaha Compared to
Change in Diurnal Temperature Variation
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Figure6. Index Calculation for Individual Wind Directions

100¢° wind direction
There is a low correlation between the diurnal temperature and the percent frequékinds shift towards this

direction slightlyat the end of the day wheues the temperature increases during midd@je standard deviation is also
smallwhich indicates the fluctuation is insignificant

160° wind direction:

The correlation between the temperature and percent freqagiis very close tnegative onébecausewind shifts away
from this directionwhen thetemperature is increasin@.he fluctuation in the percent frequencyvi®ll definedwith a
larger standard deviation signifying a significant fluctuation.

190° wind direction:
The wind shifts towards this dirgot at the same time athe temperature is increasinghich is vy the correlation is

close to oneThee is a largehange irthe diurnal percent frequencyand a biggestandard deviation indicates the
fluctuation is significant.

230° wind direction

There is a high correlationetween thediurnaltemperature pattern and percenffrequency thatthe wind is in tlis
direction throughout the dayHowever, the wind shift in this directions not nearly as larger definedas the diurnal
temperaturepattern. The standard deviation igery smalldemonstratingthat this is an insignificant fluctuation.

Thel60° and190° wind direction are only 30apart but have a ear reversal in correlatio0.97to +0.89. This
represents the shift in direction from valleyientated flow to synoptic oriented flowlhe valley flow (dominates at
6



night) is oriented around 60° (negative correlation) while the synoptic flow (dominates during the day) is oriented
around19(’ (positive correlation)This shift caralsobe seen irthe Omaha wind roses Rigure3.

The last step in calculating the indexdause the correlation and standard deviation in such a way that the important
wind directions stand out while simultaneously minimizing those directions where the terrain@aesnl LILIS | NJ § 2

influence.This isaccomplisled by multiplying thecorrelation and standard deviatioi obtainthe TerrainWind index
shown inEquation2.

Equation2
Y'Y
Where T =TerrainrWind Index
R= Correlation
* = Standard Deviation

The resulting completderrainWind indexfor the four selected wind directions are summarized ablel.

Tablel. Complete TerraidWind Index Calclation

100 160° 190 23¢°
Correlation 0.1 -0.97 +0.89 +0.91
Standard Deviation 0.000% 0.0@8 0.0017 0.001
TerrainrWind Index 0.000053 -0.0022 0.00151 0.00046

By multiplying the correlation and the standard deviattbe index is amplifiedvhenthere is both a high correlation
and a significant variatiomn contrast, when either or both the correlation or variation is low, so will be the inthes.
variations are summarized ifiable2.

Table2. Possible Index Variations

Low Correlation High Correlation
Small Fluctuation Small Index Small Index
Large Fluctuation Small Index* Largelndex

*Rarely observed

External ForceTerrain

While it is not definite that the external force is from the terrain the indices tenthatch up with the valley

orientation. As stated above, the valley flow dominates during the nighttime hours therefore those wind directions
would have a negative correlatiomhe percent frequency decreases during the d&80{wind direction inFigure6).

Thus wherthe TerrainWindindex foreach individual wind direction is plottethe minimum values should line up with
the valley orientationFigure7 and Figure8 show that 150° wind sector is the minimum index value as well as the valley
orientation at Omaha



Wind shifts towards midday -->
(indicates winds aloft mixed down)

Terrain Wind Index

<-- Wind shifts away midday
(indicates channeling)

Terrain-Wind Index by Valley Size
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Figure7. Omaha TerrainVind Index
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Figure8. Missouri Valley Orientation at Omalia
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Summaryof the TerrairWind Index
1 Becomes larger as the diurnal pattern becomes strong and magnitudeiabii#y increases
1 Near zero from lack of diurnal pattern regardless of magnitude of variability
1 Becomes smaller with awomagnitude of variability even if insignificant fluctuations results in perfect
correlation
9 Eah wind direction has its own Terrailtind index

Limitationof the Index

This document is intended &upport regulatory modeling applications within the State of loWawever, it may alsbe

used by otheenvironmental scientistavhen deciding what meteorological data is representatimerder for those

scientists to apply this procedure correctly, information on areas where this analysis does not appear to work needs to
be addressed.

Coastal areas were originally inded in the analysis€oastal areas are affected land/sea breezeThese breezes

follow adiurnal wind pattern due to uneven heating of land and water surfacasd heats more quickly than water in

the morning.The warmer land heats the air above it causing the air to Tike.rising air lowers the pressure over the

land relative to the pressure over the watérhe resulting wind blows from the high pressure to low pressure, creating a
sea breezeAt night the wind is reversed due the land cooling off quicker than the sedincdand/sea breezes are a
diurnal patternthe index should be useful in these locations as wédwever while a correlation was observeiddex
ranges for coastal areas were smaller than expected.

One explanatiomf this observatiorcould be the buffering effects of the water can cause the terafure to lag behind
solar insolationThetemperatures measured on land may not accurately represent the time of day when wind shifts
occur due to the slower response to temperature fluctuations over the wateis would cause a smalicorrelation

value and ultimately a smaller index value.

This s a plausiblereasonfor the observations seen at coastal arelds further evaluation was completed because lowa
is not located near any major/large bodies of watandtherefore a coastal index was not regd in this analysis.
However, here are distinct wind patterns at coastal areas and therefore site specifiasibitaly necessaiip those
locations.Onemust considethe limitation of this index when evaluatingneteorological data ilcoastal area

Anotherlimitation is the range of standard deviation will vary based on the number of wind directions sectors included
in the data.In order to correct for that the data in this analysis was grouped into 10° sedtoisscould still be a

problem if thedatasets only report winds every 3@y having fewer wind sectors the percent frequency increases
causing the magnitude of terrainind index (THo vary as wellindices using 10° sectors should not be compared to
indices using 30° sectoll data se$ used in this analysis had 10° sectors or smaller.

AERMOD Sensitivity Tests

The next step after quantifying the terrain influeneas todetermine when that influence is important for dispersion
modeling.To accomplish this,rein-depth AERMODAMS/EPARegulatoryModel, sensitivityanalysis was completed.

Control Error
The firstphaseof the AERMOD sensitivity analys@s to find the average error caused by applying different
meteorologcal datanot influenced by terrain to other sites not influencbd terrain.Thisis the control error

This analysis waompletedby selecting five sites in lowa that are not influed&y the terrain.Figure9 shows the

locationof the five control sites used.hese sites were chosen because they are in areasatividy flat terrain and are
not located in valleys

10



Ames ;Marshalltown

lowa

Des Moines

jOttu mwa

Figure9. Five NonValley Control Sites

Each model run was set up with three point souragth stack heights db, 35 and 65 meterand a ground level volume
source centeed at the meteorology station at each airpofthese source typéstack heightsvere chosen to represent

the widest rangeof realisticsources ued inregulatorymodelingapplications These sources providhe most
meaningfulresults while balancing theun time of the modelThe maximum concentration for each source type was
modeled for thour, 24hour and annualo include thewidest range of averaging periadsach site wa#rst run with

the correct meteorology data,d. Ames meteoroloigd datawith sources locatedt the Ames airportThe models are
centered on the meteorological instruments at the airport with the actual terrain elevalioa.predicted

concentrations fromthoserudls NS G NBF GSR 14 (GKS O2y(iNRf oO00GKS aNRIKGE

A sample oftie results is summarized ifiable3. The first two columns ofable3 show the UTM coordinates of the
receptor locationsThese columns are followed by the maximum predicted concentration for the release heights and
averaging period evaluated for point sees and the averaging periods for volume sources (all volume sources were
modeled with aground levelelease heightThere were 1,280 receptors in every model rumich equates toeceptors
out to 1,500 meters

4 (Google Earth Pro)
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Table3. Sampleoft NEBRA Ol SR

] 2y 3SY NI GA2Yya

6>3KY

UTM Coordinates

Point Sources

Volume Sources

X Y 5ft_1hr | 5ft_24hr | S5ft ANN | 35ft_1hr | 35ft_24hr | 35ft ANN | 65ft_1hr | 65ft_24hr | 65ft ANN | 1hr | 24hr | ANN
447301 | 4647376 32.33 1.93 0.09 4.42 0.76 0.03 2.89 0.45 0.02 | 228.98| 13.00 | 0.23
447301 | 4647476| 31.32 2.24 0.10 5.48 0.83 0.03 2.87 0.45 0.02 | 220.05| 15.05 | 0.21
447301 | 4647576| 38.37 2.51 0.10 5.57 0.91 0.03 3.32 0.43 0.02 | 206.45| 22.05 | 0.27
447301 | 4647676| 26.91 3.60 0.09 4.81 0.94 0.03 3.72 0.46 0.02 | 252.65| 20.01 | 0.28
447301 | 4647776 | 25.21 3.76 0.09 5.88 0.98 0.03 4.03 0.51 0.02 |327.81| 18.77 | 0.33
447301 | 4647876| 27.94 2.29 0.09 6.93 1.03 0.03 4.19 0.52 0.02 | 297.74| 1522 | 0.36
447301 | 4647976 23.88 2.42 0.09 7.38 0.96 0.04 4.16 0.56 0.02 | 365.37| 21.75 | 0.42
447301 | 4648076 22.93 3.65 0.10 7.18 1.05 0.04 4.22 0.58 0.02 | 392.10| 16.63 | 0.43
447301 | 4648176 21.03 4.11 0.10 6.24 1.15 0.04 4.60 0.54 0.02 | 329.34| 2494 | 0.51
447301 | 4648276| 21.05 2.86 0.10 5.58 1.17 0.04 4.96 0.58 0.02 | 343.80| 34.10 | 0.51
447301 | 4648376| 24.56 2.80 0.10 5.66 1.19 0.04 5.06 0.58 0.02 | 433.22| 2279 | 0.50
447301 | 4648476| 2151 2.47 0.10 5.92 1.17 0.04 5.27 0.55 0.02 |378.94| 19.38 | 0.58
447301 | 4648576| 20.53 3.10 0.11 5.08 1.56 0.04 4.63 0.58 0.02 | 401.00| 26.13 | 0.68
447301 | 4648676 15.50 3.59 0.11 5.09 1.74 0.05 4.30 0.63 0.02 592.99 | 30.74 | 0.87
447301 | 4648776| 18.64 3.63 0.13 5.59 2.13 0.05 4.66 0.77 0.03 | 449.67| 32.36 | 0.79
447301 | 4648876 18.69 3.58 0.14 7.01 2.07 0.05 4.66 0.72 0.03 | 428.83| 35.90 | 0.76
447301 | 4648976 20.87 3.27 0.14 9.81 1.69 0.05 4.28 0.64 0.03 | 424.73| 30.72 | 0.79
447301 | 4649076| 18.85 2.92 0.15 11.46 1.85 0.06 4.83 0.92 0.03 | 436.14| 24.86 | 0.90
447301 | 4649176| 12.46 3.90 0.13 11.33 2.03 0.06 5.34 1.04 0.03 | 620.92| 39.92 | 1.08
447301 | 4649276| 12.30 3.96 0.14 9.36 2.19 0.06 5.47 0.98 0.03 | 682.23| 36.95 | 1.18
447301 | 4649376| 11.79 2.94 0.14 8.00 1.92 0.06 5.23 0.94 0.04 | 508.28| 48.93 | 1.22
447301 | 4649476 13.19 3.12 0.14 9.23 1.77 0.07 4.69 0.90 0.04 |535.02| 31.89 | 1.17
447301 | 4649576 13.90 2.69 0.14 9.75 1.70 0.07 4.38 0.88 0.04 | 669.06| 30.43 | 1.25
447301 | 4649676 13.50 3.60 0.15 9.49 1.58 0.07 5.20 0.83 0.04 | 656.42| 40.95 | 1.35
447301 | 4649776 12.19 3.87 0.16 8.70 1.32 0.07 5.77 0.72 0.04 | 78571 33.10 | 1.58
447301 | 4649876| 13.36 3.32 0.16 9.05 1.34 0.07 6.03 0.71 0.04 | 659.68| 38.88 | 1.56
447301 | 4649976| 16.60 3.18 0.17 10.86 1.3 0.07 6.00 0.63 0.04 | 733.18| 36.16 | 1.55
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Each site was modeled with the corresponding site meteorologicalatatahe meteorological data fro the other four
locations.For examplethe Ames error was calculated using Des Moines, Lamoni, Marshallton@ttundwa
meteorological data at the Ames airport and the Ames meteorological data run at the Des Moines, Lamoni,
Marshalltown and Ottumwa airports.

The results from each of the error simulations (use of meteorological data from another location) aesl diyithe
control run, i.e. results from the correct meteorology modeled at the correct site.

Table4 is a matrix that shows the error calculation methodology for each Biteleling was performed using
meteorological data from one site in conjunctiorthvihe location of the same site or another sitéhis is denoted on
the table as the meteorological data from an airport site @ the location of an airport site (e.g. KDSM@KAMW).

The resulting ratio obtained by applying nsite meteorological data at ldive locations and dividing those

concentrations by the concentrations from applying the corresponding site meteorological data can be used to
determine whether the model results are likely to under or over predict concentratlbtise ratio is less thn one the
concentration is under predicted, and if over one the concentration is over predi€tédS & S NNE NJ Tahle4 a A i $
columns 14) gives the error by applying the nasite meteorological datato the sit¢. KS & SNNEB NJ | LILX @ Ay
(TabledcolumnsSy 0 IAGPSE GKS SNNRBNI o6& LI eAay3d (KS atsi SQa YSi
important to note that the error is calculated for each receptor, release type, release height and averaging@sod.
method avoids skewintipe data towards the location, source type and averaging period that results in the highest
concentration.
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Table4. Site Error Calculations

Error at Site

Error Applying Site

Site
1 2 3 4 5 6 7 8

KDSM@KAMW | KLWD@KAMW | KMIW@KAMW | KOTMaKAMW / KAMW KAMW@KDSM /| KAMW@KLWD /| KAMW@KMIW /| KAMW@KOTM
KAMW@KAMW | KAMW@KAMW | KAMW@KAMW | KAMW@KAMW KDSM@KDSM | KLWD@ KLWD | KMIW@KMIW KOTM@KOTM
KAMW@KDSM /| KLWD@KDSM | KMIW@KDSM | KOTM@KDSM KDSM KDSM@KAMW /| KDSM@KLWD | KDSM@MIW/ KDSM@KOTM
KDSM@KDSM | KDSM@KDSM | KDSM@KDSM | KDSM@KDSM KAMW@KAMW | KLWD@KLWD | KMIW@KMIW KOTM@KOTM
KAMW@KLWD /| KDSM@KLWD | KMIW@KLWD | KOTM@KLWD / KLWD KLWD@KAMW /| KLWD@KDSM | KLWD@KMIW | KLWD@KOTM /
KLWD@KLWD | KLWD@KLWD | KLWD@KLWD | KLWD@KLWD KAMW@KAMW | KDSM@KDSM | KMIW@KMIW KOTM@KDM

KAMW@KMIW /| KDSM@KMIW | KLWD@KMIW | KOTM@KMIW KMIW KMIW@KAMW /| KMIW@KDSM | KMIW@KLWD | KMIW@KOTM /
KMIW@KMIW KMIW@KMIW KMIW@KMIW KMIW@KMIW KAMW@KAMW | KDSM@KDSM | KLWD@KLWD | KOTM@KOTM
KAMW@KOTM /| KDSM@KOTM | KLWD@KOTM /| KMIW@KOTM KOTM KOTM@KAMW /| KOTM@KDSM | KOTM@KLWD /| KOTM@KMIW
KOTM@KOTM | KOTM@KOTM | KOTM@KOTM | KOTM@KOTM KAMW@KAMW | KDSM@KDSM | KLWD@KLWD | KMIW@KMIW
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Calculation ofControl Error

In order to calcwdte the overall error for a sit@atioswere calculated for each error simulatidepicted inTable4. The
resulting ratiosvere separated by under and over predictiohll the ratios under onéunder prediction) for column-4
were averaged together andll the mtios equal to or greater than or(ever prediction) for columns-4 were averaged
together.The same procesgas completedor columns 58. Table5 below summarizes a site error calculation using
Ames KAMWrow 1in Table4) as an example.

Theunder predition is always bound between zero and ambereas the ogr prediction has no upper bodnThis
skews the results towards over predictions because a ratio error of 0.5 .8reh2h are off by a factor of tweven
though the over prediction is twwe as large as the under prediction (over prediction-4 2 1 and under prediction = 1
-0.5 =0.5). To account for this thedar prediction is divided into onevhich is the italicized number in the under
prediction columnThen the under and overediction (both italicized numbers) are averalggether to get the
underlinednumber.Finally, theerror is determined by subtracting orfeom the total, and converting to the peentage
(last column inTables5).

Table5. Exampé of CalculatingSite Error
Error at the Site (Columns-4 in Table4)

Site Under Prediction| Over Prediction Average Error
KAMW 0.7981 1.1758 1.2144 21.4%
1/Average 1.2530

Error applying Site (Columns&inTable4)

Site Under Prediction| Over Pediction Average Error
KAMW 0.8676 1.3178 1.2352 23.5%
1/Average 1.1526

The top bolded numben Table5 is the error at the site, the error from usirige meteorological data from thether
four locations at the Ames airporthe bottom bolded numér in Table5 isthe errorby applyinghe site the error from
applying! Y S @n€&eorologcal dataat the four otherairports. The two bolded numbers are averaged together to
calculate the total siterror. This proceswasrepeated for the other four siis. Table6é summarizes the total site error
for all four sites.

Table6. Total Site Error
Ames Des Moines Lamoni Marshalltown Ottumwa

22.5% 20.3% 23.4% 19.6% 21.1%

I F3 SNJ | ftdtal efrdrvére calduliat&deha under and over predictiongrom all five sitesvere averagedo
obtainthe control error.The control erroiis the error from applying theon-site meteorologcal dataat a site without
the influence okignificantterrain. The control error was calculated thersa way as each total site error in order to be
consistent.Table7 summarizes the control error.

Table7. Control Error
Under Prediction Over Prediction Control Error

0.8371 1.2324(23.2%)
1.1946(19.5%)

1.2135(21.4%)

Table7 shows the averagever and under predictiofrom Ames, Des Moines, Lamoni, Marshalltown, and Ottumweh an
the control errorof a 21.4%The control error means that the errérom applyingncorrectmeteorologcal datacanon
averageover or undemredicted model concentration®y 21.4% even without significant differences in terrain
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Terrain Error

Thenext step of the analysis wéisding thepossibleerror due to the terrainThe rangeof the indexwas usedasa good
indication of how much influerecthe tarrain has on the wind pattern/alley locationgend to have a larger range
between the minimum and maximum index valuban smaller valleys andon-valley locéions. Figurel0 demonstrates
this observation.

Terrain-Wind Index by Valley Size

0.004

0.003

0.002 b ¢

0.001

Wind shifts towards midday -->
(indicates winds aloft mixed down)

0 4
Spencer

Terrain Wind Index

+
-0.001 == Moline

LaCrosse

-0.002

—=Salt Lake City

-0.003

(indicates channeling)

-0.004

<-- Wind shifts away midday

-0.005

-0.006

Wind Direction in Degrees

Spencer = Nowalley, Moline = SmaNalley, Salt Lake City = Large valley
Figure10. Magnitude of Index by Valley Size

Using the range of the index turns the subjective observation into a numerical and objective af&lgsiEnimum
index valuewassubtracted from the maximurindex vale obtainingthe range of the indexGenerally, lhe largerthe
terrain featurethe larger the index rang& able8 below is a samplef three large valleys, three medium valleys, three
small valleys and theenonvalleys

Table8. Index Range&ompared to Terrain

Site Index Range Terrain
Bakersfield, CA 0.00951 Large Valley
Salt Lake City, UT 0.00868 Large Valley
Jackson Hole, WY 0.00674 Large Valley
Omaha, NE 0.00504 Medium Vallg
La Crosse, WI 0.00472 Medium Valley
Prairie du Chien, WI 0.00365 Medium Valley
Moline, IL 0.00227 Small Valley
Le Mars, IA 0.00211 Small Valley
Lamoni, 1A 0.00183 Nonvalley
lowa City, 1A 0.00165 Small Valley
Mason City, 1A 0.00123 Nonvalley
Spencer, 1A 0.00103 Nonvalley

Valley Depths: Small valley < 66180m < Medium Valley < 180w
Large Valley > 180m
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Since the index range is a good indication of the influence, the index range is also related to the mod€&herror.
larger/deeper valle®@ meteorology will cause a larger error when placed on flat terrain and vice versa.

In order to perform this analysis readily available-precessed AERMET datas neededTable9 lists the locations
meeting this requirement and were used in this portiof the analysis.

Table9. Sites used iModel ErrorAnalysis

Sites Terrain Location
Ames Non-Valley lowa
Burlington Non-Valley lowa
Cedar Rapids Non-Valley lowa
Davenport Non-Valley lowa
Des Moines Non-Valley lowa
Dubuque Non-Valley lowa
Estherville Non-Valley lowa
Lamoni NonValley lowa
Marshalltown NonValley lowa
Mason City Non-Valley lowa
Ottumwa Non-Valley lowa
Spencer Non-Valley lowa
Waterloo Non-Valley lowa
Bakersfield Valley California
Danbury Valley Conneticut
Fresno Valley California
lowa City Valley lowa
Key Field Valley Mississippi
La Crosse Valley Wisconsin
Lemoore Valley California
Modesto Valley California
Moline Valley lllinois
Naughton Valley Wyoming
Omaha Valley Nebraska
Sioux City Valkey lowa
Stockton Valley California
Tracy Valley Nevada
Visalia Valley California

The correlation between index range and model error was testeatifigrent vdley location throughout the United
Stateg(listed inTable9). Table10 demonstrates how th valley locations were teste@heerror at eachvalley location
wasdetermined by running the model usignes, Des Moines, Lamoni, Marshalltown and Ottumwa meteorological
dataat the valley location§in Table9). Theerror applying valley data is calated by running the valley location (in
Table9) meteorological data at Ames, Des Moines, Lamoni, Marshalltown and Ottumwa.
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The analysig similar to that usetb calculate the control erroHowever, now valleywind data isapplied at norvalley
sites and nonvalley data is applied at valley sitd$ie process used to find the site ermas completedhe same way
for each of the vallg sites listed iTablel1. All data used in this analysis wgasnerated fromthe most re@nt version

Table10. Calculating Model Error due to Terrain

ERROR AT VALLEY LOCATION

KAMW

KDSM

KLWD

KMIW

KOTM

MET DAA @ VALLEY LO(NS INABLB

ERROR APPLYING VALLEY LOCATION

VALLEY LOCATIONSABLE MET DATA @

KAMW

KDSM

KLWD

KMIW

KOTM

(14134) of AERMETablell summarizethe net error calculatecat various sites

The net error inTablellis thetotal modelerror minus the control error (21.4%l0he controlerror is a baskéne for
potential error not cased bysignificantterrain. After subtracting out the baseline, thremainingerror should therefore

be due tosignificantterrain influenes

Terrain Error Cutoff

The neterror calculated infablel1 was plotted against the range of the index for each,steown inFigurell.

Tablell. Valley NetError

State City Net Error
California Bakersfield 51.0%
California Fresno 56.8%6
California Lemoore 39.2%%0
California Modesto 50.%%
California Stockton 47. %
California Visalia 45.6%
Connecticut Danbury 25.%%6
lllinois Moline 9.5%
lowa lowa City 5.1%
lowa Sioux City 8.7%
Mississippi Keyfield 22.8%
Nebraska Omaha 19.5%
Nevada Tracy 89.8%0
Wisconsin La Crosse 15.6%
Wyoming Naughton 81.1%
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Net Terrain Error
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Figurell Index Range Comped with Net Error(Valley locations only

Thisscatterplot can be used in comjiction with @ntrol error to find a cutoffor when terrain is influencing the wind
pattern. This is depicted iRigurel2. The control error is represented by the error fraih five nonvalley site{Ames,
Des Moines, Lamoni, Marshalltown, Ottumwesed to calculate the total control erroFhese locations are represied
as red squares iRigurel2. There isa clear divide between the nevalleyerror and the terrairerror with the

exceptions of two valley§hese two valleys are Moline and lowa City; both are considered a small valley (under 60
meters deep).

Terrain Error Cutoff
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Figurel2. Index Range Compared with Net Errfalley and nonvalley location$

Figurel2 shows that there is a relationship between trenge of the index and the netror.
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It should be noted that the control error was callated using only lowa sites bigt being comparetb sites to thewest
with very different climatological averagekhis was done becaus® westerndatawere availabléhat were not
influenced by terrainUsing the samaon-valleydata set in each error calculation reduced that number of variaibles
each calculationlowa data, uninfluaced by terrain, was the neareavailablepre-processedlata to the western valleys
and wagherefore deemed the most appropriate data set to use

The chosen cutoff should encompass all valiey sites to ensure that those sites are not incorrectly flagged as being
influenced by terain that does not exisiTherefore, he first step in finding numerical cutoff for the influence of

terrain on wind patternsvas to identify the highest terraiwind index range for any nevalley site.The maximum
terrain-wind index range for any nevalley site was 0.00209 at Ames the cutoff should be equal to or greatdran

this.

An additional sensitivity analysis was conducted for Ames and thevalbey site with the next highest terrainind
index range (DubuqueThese two sitesvere analyzd to find the greateshet error from applyinghe incorrect
meteorologywithout significant terrain influencerhe model error was calculated to ensure that these-xalteys did
not have an error larger than the smallest valldysvas used as a doubtieck that the norvalley locations were
representative of actual nomalley sitesTablel2 showsthe index range foall nonvalley sites in lowalhe two
highlighted have thdirst and secondargest index range.

Table12. lowa Non-valley Index Range

Sites TerrainrWind Index Range
Ames 0.00209
Dubuque 0.00185
Lamoni 0.00183
Waterloo 0.00169
Estherville 0.00144
Marshalltown 0.00136
Cedar Rapids 0.00134
Mason City 0.00123
Des Moines 0.00113
Burlington 0.00110
Spencer 0.00103
Davenport 0.00103
Ottumwa 0.00089

Ames and Dubuque were analyzed at the 12 other locations list€dble12 and the 12 other locations were analyzed
at Ames and Dubuquéhis was to ensure that all possible error was considered in the ciittgfneterror for Ames

and Dibuque aresummarized irmmablel3as an indication that these nevalley sites are on the upper edge of Ron
valley indices rangeRemember that thendexrangeand model errorhave a proportional relationship. Aspected,

the net error for both locationss aboved%but belowthe smallesinet terrain error (5.26) which was lowa Cityhese
results support the use dhis data to estimate the expected maximum terraiind index range for sites in the absence
of terrain influence

Table13. Highest Norvalley Net Error and Index

Sites Ames Dubuque
Net Error 3.1% 4.6%
Index 0.00209 0.00185

As noted above only Ames and Dubuque were evaludtbis. was done to avoid the need to evaluate every
combinationof the 13 locationsThe assumption being thahé two sites with the highest terraiwind indexwould also
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have the highest netrror. In the chance that onef the other sites would resulh a slightly higher errothe 90%
confidence intervabf Ames ad Dubuque was calculateéd make sure that the cutoff does not capture any flenrain
influenced sitesThe90%confidence interval is equal ©@.0023

Therefore the resultingindex range cutoff for terrain influence @0023 A meteorological datagevith aterrain-wind
index range equal to or greater than the cutoff is likely significantly influenced by the surrounding t€haimdex
range is useas a cutoff instead of the netrror because the goal was to find an easy to implement numesitaff.
The index range is calculated straight from-precessed AERMET dalt& modelings neededo calculate the index
range.This allows the pracreening of meteorological data for use in dispersion modeling.

Valley DeptrCutoff

No index range canebcalculated irplaces where there is no readily availabieteorologicadata. Since modeling
analyses are often conducted in areas where onsite meteorological data ieatilyavailable, it is necessary to have a
way of determining whether or not oft& meteorology is representativét washypothesizedhat the valleydepth

could be used as a surrogate of the index range

Valley depthscan beestimatedusing the elevation profile ruler toohi Google B#h. Figurel3 showshow the valey
depths wee calculatedn this analysisising La Crosse ag example.This tool was used to approximatke elevations
directly outside and inside the valldy a1 ¢ & K| LiiSGodgle &artk® Nitain g'sample of threecross sectios
of the elevations near th valley locationThree cross sections were used in order to minimize the possible error that
would occur if any one crosgction happened to be located in an area of the valley with uniquely high or low
elevations The very extreme elevations were cutoh both the hgh and low end to estimate th&" and 95" percentile
elevations(see black line iigurel3). After the extremes where taken outhe lowestremainingelevation was
subtracted fromthe highestremainingelevation to computeahe valley dgth (rounded to the nearest five meterdhn
Figurel3, the highest elevation was 1,21&et and the lowest was 630 feet therefore the valley depth for La Crwase
585feet (1,215 630). The valley depthvas converted into meters and rounded to the nestrfive meters In the La
Crosse example the final valley depth would be 180 mefiévs.converted and rounded valley deptban bdound in
Tablel4. This process was completed for all valley locations.

Figurel3. Elevation Profile Ruler and Calcuian of Valley Depth3

5 (Google Earth Pro)
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